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ABSTRACT 

I 

| 

| A simple analysis indicates that Type I irregularities which 

have a slight component of propagation along the magnetic field 
may be more unstable than those which propagate across the field. 
Since these waves have very large group velocities, detailed 
! ray tracing would be required to establish their true convective 

amplification. Nevertheless, there remains the possibility that 

i 

significant irregularity amplitudes may occur at the northern 

! 

i 

or southern extremities of the equatorial electrojet from those 

I 

modes with large north-south group velocity, and furthermore, 

| they could significantly change our understanding of nonlinear 

| solutions of the electrojet instability. 

I 

i 
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The purpose of this note is to point out several interesting 
features of the instability commonly thought responsible for 
Type 1 irregularities in the equatorial electrojet (Buneman, 

1963; Farley, 1963) when propagation parallel to the magnetic 
field lines is allowed for. The dispersion relation is derived 
in Appendix A using fluid theory 
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where the notation is defined in Appendix A. Q = 
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parameter i zes the strength of the instability. Equation (1) 
differs from the kii = 0 result in a transparent fashion, since 


the effective electron collision frequency v is 
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Since Q e /v e »l in the E-region even small k ( |/k leads to v e »v e . 

Most investigations of the electrojet instability have assumed 
k|| = 0, because the instability threshold for. kp £ 0 requires 
a larger electrojet drift Q. 

Of course, eq. (1) indicates that the threshold for instability, 

2 "2 2 
given by Q' = (1+a) increases with k .. , and has a minimum, Q = 1+a, 

2 

when k|| =0. However, when Q exceeds (1+a) it is not true 

that the most rapidly growing modes occur for kp = 0. Figure 1, 

v . 1 m ld a 

which shows a plot of — Aj as a function of a, must be interpreted 
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as follows, a must exceed a, and Q must exceed (1+a) for in- 
stability. Therefore, if the positive maximum growth rate oc- 

A 

curs at a>a, the fastest growing mode has k| ( £ 0 o A convenient 

a 

approximate expression for a m is 
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S i nee 


so that the fastest growing mode has k h t 0 if ->a. 

Q + 1 

a^O.I at 110 km in the equatorial electrojet, it is easy to 
destabilize k|| £ 0 modes in the upper electrojet. The parallel 
wavenumber of the maximally growing wave is given by 
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which is ordinarily very small. As Kaw (1972) has pointed out, 
the electrojet must be treated as convectively unstable. To deter 
mine convective amplification lengths we must compute the group 
velocity paral lei to the magnetic field 
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In a completely polarized vertically stratified electrojet model, 
appropriate only to very near the magnetic dip equator, the ver- 
tical ion and electron drifts are equal and the vertical group 
velocity Stu/Sk v is given by 
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where 3uu Ibk ( k = 0) denotes the vertical group velocity when 


k || = 0, which is ordinarily an order of magnitude smaller than 
V , the magnitude of the horizontal east-west electron drift velo- 


4 . r\ 

city. In Eq. (5) above, cp = tan"'^), where k_ denotes the 


k. ... 


n n ,0 ^ v 2 

horizontal component of the wave vector. Thus, when 
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with au>/dk|| larger than bu) jbk^ (k t | 0 ) by about an order of magni- 
tude. Therefore, while the growth rate can peak at k„ £ 0, 
the group velocities may also increase, which increases the con- 
vective amplification length. Since the electrojet scale lengths 
in the vertical direction and along the magnetic field differ 
by an order of magnitude, for {^ e j^ e )k\\/k > 1 the increase with 
increasing k n M of the vertical group velocity is as signi- 
ficant as that of the parallel group velocity. Careful ray 
tracing in good models of the electrojet with latitude struc- 
ture included (Untiedt, 1967; Sugiura and Poros, 1969) is re- 
quired to determine the actual convective amplification of these 
models. However, these simple estimates lead to the speculations 
that: (1) not all the unstable models in the electrojet have 

k || = 0; and (2) since observations of the electrojet indicate 
2 

that Q >1 +a much of the time, there could be amplitude maxima 
of irregularities at the north-south extremities of the equa- 
torial electrojet arising from waves with small k n / k propagating 
along the field lines. Finally, since the interesting k n / k ~ \> e f^ e <<: 1 , 
the waves discussed here will be essentially undi st i ngui shab le 
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experimentally from those with k ( | = 0; however, they might sig- 
nificantly change our understanding of the nonlinear solutions 
of the electrojet instability. For example, unstable waves 
with k|| f 0 could carry off considerable wave energy otherwise 
available for saturation. 
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FIGURE CAPTION 


Figure 1. 
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must exceed a. Thus, only the right hand por- 


tions of these curves are relevant. If Q>1+a, instability 


* q i 

s possible. The maximum growth rate occurs at a — . If 
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a m >a, the fastest growing mode has kfl r* 0; if a m <a, the fastest 
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growing mode has k u « 0. 
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Appendix A 

FLU 10 DISPERSION RELATION FOR UNIFORM PLASMA 

The dispersion relation will be derived from the following 
fluid equations 

N j M j(« + *j) ‘ ' - 7P j + Vj( e+ ^) 
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I - E s + E'(r, t) 


The subscript j (i, e) refers to ions or electrons; Nj = the 
number density, Mj «= the mass; Vj = the fluid velocity, Pj = the 
pressure, Tj = the temperature, qj *» the charge, E - the elec- 
tric field, = the magnetic field, and V j " the neutral col- 
lision frequency. The neutrals have been assumed immobile. 

The steady state solution of the above equations are 
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Nq » constant 
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and where £ s is the static electric field linearizing the above 
fluid equations and Fourier transforming in space and time, with 
k = wave vector and tu « frequency 
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Define e (( 




fix 


fix 





where k ( | and k x are components of the propagation vector paral- 
lel and perpendicular to the magnetic field respectively. 

Taking the scalar product of (A. 2) with «i|| gives 
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Taking the scalar product of (A. 2) with e x 
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Taking the scalar product of (A. 2) with e x gives 
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Note that e x * J^ B x (e x x = 1* (A. 7) then becomes 


-c i ni 




(A. 8) 


Substituting (A. 8) into (A. 6) 
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Eliminating (e„ * Y j ) from (A. 5) and (A. 9) gives 
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Since only electrostatic perturbations are being considered, 

k 

E'(k) = E ~,(A.8), (A. 10),. and (A. 11 ) can be combined to give 
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Combining (A. 3), (A. 4), and (A. 12) 
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In the ionospheric E-layer vj»n., so that the ion Hall 
drift can be neglected to lowest orders. For long wavelengths 
and low frequencies, unity may be neglected in (A. 13). Further- 
more, we assume uj., u> «v e , v*. Since v_»v ;> first order 

I C v I v S 

terms in to . j\>. will be kept; those in u) e /v e wi 1 1 be dropped. 

With these approx imat ions (A. 13) reduces to 
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where v e = v e |_ 1 + k||/k ^e/ v ej* c l uac * rat ' c (A. 14) has one 

damped solution, and the growing solution is given by 



(A. 15) 




h y\/ mujT ! /z 

C C A 


UCLA PLASMA PHYSICS GROUP REPORTS 


* Published by Experimental Group 
f Published by Theoretical Group 

R-l "Propagation of Ion Acoustic Waves Along Cylindrical Plasma Columns", A.Y. Wong (July 1965)* 

R-2 "Stability Limits for Longitudinal Waves in Ion Beam-Plasma Interaction", B.D. Fried and A.Y. Wong (August 1965)* 

R-3 'The Kinetic Equation for an Unstable Plasma in Parallel Electric and Magnetic Fields", B.D. Fried and S.L. Osakow 
(November 1965) t 

R-4 "Low-Frequency Spatial Response of a Collisional Electron Plasma", B.D. Fried, A.N. Kaufman and D.L. Sachs (August 
1965) t 

R-5 "Effects of Collisions on Electrostatic Ion Cyclotron Waves", A.Y. Wong, D. Judd and F. Hai (December 1965)* 

R-6 "Interaction Between Ion Beams and Plasmas", R. Rowberg, A.Y. Wong and J.M. Sellen (April 1966)* 

R-7 "Observation of Cyclotron Echoes from a Highly Ionized Plasma", D.E. Kaplan and R.M. Hill (May 1966)* 

R-8 "Excitation and Damping of Drift Waves", A.Y. Wong and R. Rowberg (July 1966)* 

R-9 "The Guiding Center Approximation in Lowest Order", Alfredo Bafios, Jr. (September 1966) t 
R-10 "Plasma Streaming into a Magnetic Field", S.L. Ossakow (November 1966)+ 

R-ll "Cooperative Effects in Plasma Echo Phenomena", A.Y. Wong (March 1967)* 

R-12 "A Quantum Mechanical Study of the Electron Gas Via the Test Particle Method", M.E. Rensink (March 1967) 

R-13 "Linear and Nonlinear Theory of Grid Excitation of Low Frequency Waves in a Plasma", G.L. Johnston (April 1967) 

R-14 "The Expansion and Diffusion of an Isolated Plasma Column", J. Hyman (May 1967) 

R-15 "Two-pole Approximation for the Plasma Dispersion Function", B.D. Fried, C.L. Hedrick and J. McCune (August 1967)+ 

R-16 "Experimental Investigation of Electron Runaway Phenomena", J.S. DeGroot (August 1967) 

R-17 "Parametric Coupling Between Drift Waves", F. Hai, R. Rowberg and A.Y. Wong (October 1967)* 

R-18 "Cyclotron Echoes from Doppler Effects", A.Y. Wong (March 1968) 

R-19 "Ion Wave Echoes", D..R. Baker, N.R. Ahern and A.Y. Wong (November 1967)* 

R-20 "Cyclotron Echoes in Plasmas", D. Judd, Thesis (March 1968) 

R-21 "Test Particle Theory for Quantum Plasmas", M.E. Rensink (October 1967)+ 

R-22 "Artificial Van Allen Belt", Charles F. Kennel (November 1967) 

R-23 "Landau Damping of Ion Acoustic Waves in a Cesium Plasma with Variable Electron-Ion Temperature Ratio", K.B. Rajangam 

(October 1967) 

R-24 "The Inhomogeneous Two-Stream Instability", G. Knorr (September 1967) 

R-25 "Magnetic Turbulence in Shocks", C.F. Kennel and H.E. Petschek (December 1967)+ 

R-26 "Small Amplitude Waves in High Beta Plasmas", V. Formisano and C. Kennel (February 1968)+ 



R-27 "Low Beta Plasma Penetration Across a Magnetic Field", B.D. Fried and S. Ossakow (March 1968)+ 

R-28 "Annual Status Report", February 1, 1967-January 31, 1968, Principal Investigators A. Bahos, Jr., B.D. Fried, 

C.F. Kennel 

R-29 "The Theorist's Magnetosphere", C. Kennel (April 1968) 

R-30 "Electromagnetic Pitch Angle Instabilities in Space", C.F. Kennel and F.L. Scarf (April 1968)+ 

R-31 "Electromagnetic Echoes in Collisionless Plasmas", A.Y. Wong (April 1968)* 

R-32 "Parametric Excitation of Drift Waves in a Resistive Plasma", G. Weyl and M. Goldman (June 1968)+ 

R-33 "Parametric Excitation from Thermal Fluctuations at Plasma Drift Wave Frequencies", A.Y. Wong, M.V. Goldman, F. Hai, 

R. Rowberg (May 1968)* 

R-34 "Current Decay in a Streaming Plasma Due to Weak Turbulence", S.L. Ossakow and B.D. Fried (June 1968)+ 

R-35 "Temperature Gradient Instabilities in Axisymmetric Systems", C.S. Liu (August 1968)+ 

R-36 "Electron Cyclotron Echo Phenomena in a Hot Collisionless Plasma", D. Judd (August 1968) 

R-37 "Transverse Plasma Wave Echoes", B.D. Fried and Craig Olson (October 1968)+ 

R-38 "Low Frequency Interchange Instabilities of the Ring Current Belt", C.S. Liu (January 1969)+ 

R-39 "Drift Waves in the Linear Regime", R.E. Rowberg and A.Y. Wong (February 1969)* 

R-40 "Parametric Mode-Mode Coupling Between Drift Waves in Plasmas", F. Hai and A.Y. Wong (January 1969)* 

R-41 "Nonlinear Oscillatory Phenomena with Drift Waves in Plasmas", F. Hai and A.Y. Wong (September 1970) 

R-42 "Ion-Burst Excited by a Grid in a Plasma", H. Ikezi and R.J. Taylor (February 1969) 

R-43 "Measurements of Diffusion in Velocity Space from Ion-Ion Collisions", A. Wong and D. Baker (March 1969)* 

R-44 "Nonlinear Excitation in the Ionosphere", A.Y. Wong (March 1969) 

R-45 "Observation of First-Order Ion Energy Distribution in Ion Acoustic Waves," H. Ikezi and R. Taylor (March 1969)* 

R-46 "A New Representative for the Conductivity Tensor of a Collisionless Plasma in a Magnetic Field", B.D. Fried and 

C. Hedrick (March 1969)+ 

R-47 "Direct Measurements of Linear Growth Rates and Nonlinear Saturation Coefficients", A.Y. Wong and F. Hai (April 1969) 

R-48 "Electron Precipitation Pulsations", F. Coroniti and C.F. Kennel (April 1969)+ 

R-49 "Auroral Micropulsation Instability" , F. Coroniti and C.F. Kennel (May 1969)+ 

R-50 "Effect of Fokker-Planck Collisions on Plasma Wave Echoes", G. Johnston (June 1969)+ 

R-51 "Linear and Nonlinear Theory of Grid Excitation of Low Frequency Waves in a Plasma", G. Johnston (July 1969) 

R-52 "Theory of Stability of Large Amplitude Periodic (BGK) Waves in Collisionless Plasmas", M.V. Goldman (June 1969)+ 

R-53 "Observation of Strong Ion Wave-Wave Interaction", R. Taylor and H. Ikezi (August 1969) 

R-55 "Optical Mixing in a Magnetoactive Plasma", G. Weyl (August 1969)+ 

R-56 


"Trapped Particles and Echoes", A.Y. Wong and R. Taylor (October 1969)* 



R-57 "Formation and Interaction of Ion-Acoustic Solitons", H. Ikezi, R.J. Taylor and D.R. Baker (July 1970)* 

R-58 "Observation of Collisionless Electrostatic Shocks", R. Taylor, D. Baker and H. Ikezi (December 1969)* 

R-S9 "Turbulent Loss of Ring Current Protons", J.M. Cornwall, F.V. Coroniti and R.M. Thome (January 1970) + 

R-60 "Efficient Modulation Coupling Between Electron and Ion Resonances in Magnetoactive Plasmas", A. Wong, D.R. Baker, 

N. Booth (December 1969)* 

R-61 "Interaction of Quasi-Transverse and Quasi -Longitudinal Waves in an Inhomogeneous Vlasov Plasma", C.L. Hedrick 
(January 1970) 

R-62 "Observation of Strong Ion-Acoustic Wave-Wave Interaction", R.J. Taylor and H. Ikezi (January 1970) 

R-63 "Perturbed Ion Distributions in Ion Waves and Echoes", H. Ikezi and R. Taylor (January 1970)* 

R-64 "Propagation of Ion Cyclotron Harmonic Wave", E.R. Ault and H. Ikezi (November 1970) 

R-65 "The Analytic and Asymptotic Properties of the Plasma Dispersion Function", A. Baflos, Jr. and G. Johnston (February 
1970) 

R-66 "Effect of Ion-Ion Collision and Ion Wave Turbulence on the Ion Wave Echo", Dan Baker (June 1970) 

R-67 "Dispersion Discontinuities of Strong Collisionless Shocks", F.V. Coroniti (March 1970)+ 

R-68 "An Ion Cyclotron Instability", E.S. Weibel (April 1970)+ 

R-69 "Turbulence Structure of Finite-Beta Perpendicular Fast Shocks", F.V. Coroniti (April 1970)+ 

R-70 "Steepening of Ion Acoustic Waves and Formation of Collisionless Electrostatic Shocks", R. Taylor (April 1970) 

R-71 "A Method of Studying Trapped Particles Behavior in Magnetic Geometries", C.S. Liu and A.Y. Wong (April 1970)* 

R-72 "A Note on the Differential Equation g" + x^g = 0", E.S. Weibel (April 1970) 

R-73 "Plasma Response to a Step Electric Field Greater than the Critical Runaway Field, With and Without an Externally 
Applied Magnetic Field", J.E. Robin (June 1970) 

R-74 "The UC Mathematical On-Line Systems as a Tool for Teaching Physics", B.D. Fried and R. White (August 1970)+ 

R-75 "High Frequency Hall Current Instability", K. Lee, C.F. Kennel, J.M. Kindel (August 1970)+ 

R-76 "Laminar Wave Train Structure of Collisionless Magnetic Slow Shocks", F.V. Coroniti (September 1970)+ 

R-77 "Field Aligned Current Instabilities in the Topside Ionosphere", J.M. Kindel and C.F. Kennel (August 1970)+ 

R-78 "Spatial Cyclotron Damping", Craig Olson (September 1970) 

R-79 "Electromagnetic Plasma Wave Propagation Along a Magnetic Field", C.L. Olson (September 1970)+ 

R-80 "Electron Plasma Waves and Free -Streaming Electron Bursts", H. Ikezi, P.J. Barrett, R.B. White and A.Y. Wong 

(November 1 970) * 

R-81 "Relativistic Electron Precipitation During Magnetic Storm Main Phase", R.M. Thome and C.F. Kennel (November 1970)+ 

R-82 "A Unified Theory of SAR Arc Formation at the Plasmapause", J.M. Cornwall, F.V. Coroniti and R.M. Thorne (November 
1970)+ 

R-83 "Nonlinear Collisionless Interaction between Electron and Ion Modes in Inhomogeneous Magnetoactive Plasmas", 

N. Booth (December 1970)* 



R-84 "Observations of Parametrically Excited Ion Acoustic Waves", R. Stenzel (March 1971) 

R-85 "Remote Double Resonance Coupling of Radar Energy to Ionospheric Irregularities", C.F. Kennel (January 1971)t 

R-86 "Ion Acoustic Waves in a Multi-Ion Plasma", B.D. Fried, R. White, T. Samec (January 1971)+ 

R-87 "Current -Driven Electrostatic and Electromagnetic Ion Cyclotron Instabilities", D.W. Forslund, C.F. Kennel, 

J. Kindel (February 1971) 

R-88 "Locating the Magnetospheric Ring Current", C.F. Kennel and Richard Thorne (March 1971) 

R-89 "Ion Acoustic Instabilities Due to Ions Streaming Across Magnetic Field", P.J. Barrett, R.J. Taylor (March 1971) 

R-90 "Evolution of Turbulent Electronic Shocks", A.Y. Wong and R. Means (July 1971)* 

R-91 "Density Step Production of Large Amplitude Collisionless Electrostatic Shocks and Solitons", David B. Cohen 

(June 1971) 

R-92 "Turbulent Resistivity, Diffusion and Heating", B.D. Fried, C.F. Kennel, K. MacKenzie, F.V. Coroniti, J.M. Kindel,, 
R. Stenzel, R.J. Taylor, R.B. White, A.Y. Wong, W. Bernstein, J.M. Sellen, Jr., D. Forslund and R.Z. Sagdeev 
(June 1971) 

PPG-93 "Nonlinear Evolution and Saturation of an Unstable Electrostatic Wave", B.D. Fried, C.S. Liu, R.W. Means and 
R.Z. Sagdeev (August 1971) 

PPG-94 "Cross-Field Current -Driven Ion Acoustic Instability", P.J. Barrett, B.D. Fried, C.F. Kennel, J.M. Sellen and 
R.J. Taylor (December 1971) 

R-95 "3-D Velocity Space Diffsuion in Beam-Plasma Interaction without Magnetic Field", P.J. Barrett, D. Gresillon and 

A.Y. Wong (September 1971) 

PPG-96 "Dayside Auroral Oval Plasma Density and Conductivity Enhancements due to Magnetosheath Electron Precipitation", 
C.F. Kennel and M.H. Rees (September 1971) 

PPG-97 "Collisionless Wave-Particle Interactions Perpendicular to the Magnetic Field", A.Y. Wong, D.L. Jassby (September 
1971) 

PPG-98 "Magnetospheric Substorms", F.V. Coroniti and C.F. Kennel (September 1971) 

PPG-99 "Magnetopause Motions, DP-2, and the Growth Phase of Magnetospheric Substorms", F.V. Coroniti and C.F. Kennel 
(September 1971) 

PPG-100 "Structure of Ion Acoustic Solitons and Shock Waves in a Two-Component Plasma", R.B. White, B.D. Fried and 
F.V. Coroniti (September 1971) 

PPG-101 "Solar Wind Interaction with Lunar Magnetic Field", G. Siscoe (Meteorology Dept.) and Bruce Goldstein (JPL) 
(November 1971) 

PPG-102 "Changes in Magnetospheric Configuration During During Substorm Growth Phase", F.V. Coroniti and C.F. Kennel 
(November 1971) 

PPG-103 "Trip Report - 1971 Kiev Conference on Plasma Theory and Visits to Lebedev and Kurchatov Institutes", B.D. Fried 
(October 1971) 

PPG-104 "Pitch Angle Diffusion of Radiation Belt Electrons within the Plasmasphere", Lawrence R. Lyons, Richard M. Thorne, 
Charles F. Kennel (January 1972) 

"Remote Feedback Stabilization of a High-Beta Plasma", Francis F. Chen, Daniel Jassby and M. Marhic (December 1971) 


PPG-105 



PPG-106 


PPG-107 
PPG-108 
PPG-109 
PPG-110 
PPG- 111 
PPG-112 
PPG-113 

PPG-114 

PPG-115 

PPG-116 

PPG-117 

PPG-118 

PPG-119 

PPG-120 

PPG-121 

PPG-122 

PPG-123 

PPG-124 

PPG-125 

PPG-126 

PPG-127 

PPG-128 

PPG-129 


"Remote Plasma Control, Heating Measurements of Electron Distribution and Trapped Particles by Nonlinear Electro- 
magnetic Interaction," A. Y. Wong, F. F. Chen, N. Booth, D. L. Jassby, R. Stenzel, D. Baker and C. S. Liu, 

June 1971 

"Computational and Experimental Plasma Physics for Theoreticians," B. D. Fried, January 1972 
"Threshold and Saturation of the Parametric Decay Instability," R. Stenzel and A. Y. Wong, November 1971* 

"Laser Amplification in an Inhomogeneous Plasma," R. White, January, 1972 

"External Production and Control of Electrojet Irregularities," K. Lee, P. K. Kaw and C. F. Kennel, January 1972+ 
"Ion Heating Via Turbulent Ion Acoustic Waves," R. J. Taylor and F. V. Coroniti, February 1972+ 

"Polarization of the Auroral Electrojet," F. V. Coroniti and C. F. Kennel, February+ 

"Mode Coupling and Wave Particle Interactions for Unstable Ion Acoustic Waves," Pablo Martin and Burton D. Fried, 
February 1972 

"Parallel Magnetic Multi-pole Confinement of a Magnetic Field-Free Plasma," Thesis, Rudolph Limpaecher, March 1972 
"Turbulence in electrostatic Collisionless Shock Waves," Robert Means, Thesis, April 1972 
"Large Diameter, Quiescent Plasma in a Magnetospheric Field," Earl Ault, Thesis, April 1972 

"Parasitic Pitch-Angle Diffusion of Radiation Belt Particles by Ion-Cyclotron Waves," L. R. Lyons and R. M. Thorne 
May 1972 

"A New Role for Infrared Lasers," F. F. Chen, May 1972 

"Electrostatic Instability of Ring Current Protons beyond the Plasmapause during Injection Events," F. V. Coroniti 

R. W. Fredricks and R. B. White, May 1972 

"Magnetospheres of the Outer Planets," C. F. Kennel, May 1972 

"Measurement of Transverse and Longitudinal Heat Flow in a Laser-Heated, Magnetically Confined Arc Plasma," 

S. W. Fay, Thesis, June 1972 

"Plasmaspheric Hiss," Richard M. Thome, E. J. Smith, R. K. Burton, Robert E. Holzer, July 1972 

"Magnetospheric Electrons, "F. V. Coroniti and R. M. Thome, July 1972+ 

"Calculation of Reflection and Transmission Coefficients for a Class of One-Dimensional Wave Propagation Problems 
in Inhomogeneous Media," A. Bafios, Jr., September 1972 

"Electromagnetic Wave Functions for Parabolic Plasma Density Profiles," A. Baflos, Jr. and D. L. Kelly, 

September 1972 

"Amplification of Electromagnetic Waves in Overdense Plasmas," F. F. Chen and R. B. White, September 1972+ 

"Abstracts presented at the American Physical Society Division of Plasma Physics Annual Meeting, Monterey, 

November 13-16, 1972." 

"Can the Ionosphere Regulate Magnetospheric Convection?" F. V. Coroniti and C. F. Kennel, October, 1972 

"Nonlinear Stabilization of Oscillating Two-Stream Instability," K. Nishikawa, Y. C. Lee and P. K. Kaw, 

October 1972 



